Abstract -This study was conducted to investigate the effects of Woohwangcheungsimweun (ox bezoar), deer antlers, and wild ginseng on induction of cardiomyocyte differentiation using the established mouse embryonic stem (ES) cells. The expression of atrial natriuretic peptide (ANP) was highest in Woohwangcheungsimweun treatment group. The expression of rabbit anti-GATA-4(GATA-4) and troponin (TnI) were highest in wild ginseng and Woohwangcheungsimweun treatment groups, respectively. Fluorescence activated cell sorting (FACS) analysis showed that the expression of ANP was highest in Dimethyl sulfoxide(DMSO) and Woohwangcheungsimweun treatment groups. The expression of GATA-4 was relatively high in wild ginseng treatment group. The expression of TnI was highest in Woohwangcheungsimweun treatment group. In the gene expression analysis, DMSO greatly inhibited GATA-4 expression to 25% of control. Woohwangcheungsimweun treatment caused to increase cTnI and cardiac ANP expression significantly. Wild ginseng extract upregulated GATA-4 gene expression. In conclusion, DMSO widely used as cardiomyocyte differentiation inducer did not show significant effects on the expression of ANP, GATA-4 and TnI in this study. Woohwangcheungsimweun showed upregulation of ANP and TnI expression. Wild ginseng extract showed greater effects than DMSO on GATA-4 expression. These results might suggest that the combination of Woohwangcheungsimweun and wild ginseng extract treatment can be expected to increase expressions of all three genes.
Introduction
Since Evans and Kaufman (1981) first isolated an embryonic stem (ES) cell from the blastocyst embryo of a mouse and in vitro culture of ES cells succeeded (Thomson et al., 1995; Bongso, 1994) , induction of differentiation to a specific cell from the ES cell (Hirashima al., 1999; Kawasaki et al., 2000; Kramer et al., 2000; Lee et al., 2000; Nakayama et al., 2000; Soria et al., 2000; Yamane al., 1999) were studied by many researchers.
The induction of differentiation into a specific cells has recently been extensively studied. As Reubinoff and others (2000) were successful in differentiating a neural progenitor cells from hES cells by applying the culturing process of the mouse ES cell, it was possible to utilize the ES cell as a tool for treatment of human diseases. However, more studies for the separation and cultivation, characterization, mass production and induction of ES cell differentiation are required.
Woohwangcheungsimweun, deer antlers and wild ginseng have been applied to prevent and cure the heart diseases and their clinical efficacy has been highly estimated in clinical aspects. These oriental medicines may contain functional components to stimulate heart function.
Therefore, as part of basic research to develop functional substance related to the differentiation of the ES cell into the cells of specific tissues, we have isolated mouse embryonic stem cells and then examined the effect of medical herb (Woohwangcheungsimweun, deer antlers and wild ginseng extract) on the induction of ES cell differentiation into the cardiomyocytes.
Materials and Methods

Isolation and culturing of ES cell
Female BDF1 mice (C57BL x DBA. 6~10 weeks old) were hyperstimuled ant then mated with males in individual cage. CO2 incubator until confluency, and then resuspended in 1 ml freezing medium. Freezing medium contained 10% dimethyl sulfoxide (DMSO) and 0.5~1x10 7 cell/ml. The frozen feeder aliquots were thawed and cultured until confluency and treated with 10 μg/ml mitomycin C (Sigma) in MEF culture medium with 20% FBS for 2 hours in 37℃, washed three times with phosphate-buffered saline (PBS), and plated onto a coated dish (4 well dish; Nunc) without gelatin treatment.
The MEF cells were obtained at passage 3~5 and were passed four more times before freezing in liquid nitrogen. Frozen vials containing ES cells were thawed and passed three more times before differentiation.
To characterize ES cells alkaline phosphatase activity,
Immunocytochemical test (SSEA-1 and Oct4-ES cell marker sample kit, Chemicon), teratoma formation using nude mouse (nu/nu B/C, 36~42 days old, non-obese diabetic-severe combined immunodeficiency) and general histomorphological test were examined.
Induction of differentiation into cardiacmyocytes
For induction of differentiation, embryoid bodies (EBs)
were formed using hanging drops ( First strand cDNA was synthesized from 5 mg/ml total RNA using M-MLV Reverse transcriptase kit (Promega).
Complementary DNAs were subjected to PCR amplification with primers specific for mouse cardiac genes (Table 1) . PCR was performed in a reaction volume of 30 μL with 2.5 mM dNTP mixture Ex-Taq polymerase (2.5 units, TaKaRa), 0.2 μ M forward and reverse primers, and 1 μL cDNA template.
The profile for PCR reaction was 94℃ for 5 min, followed by 35 cycles of denaturation at 94℃ for 30 sec, annealing at 57~60℃, depending on the melting temperature of the primer sequence, for 30 sec, and extension at 72℃ for 45sec, then 10 min at 72℃ for the final extension. The PCR products were size fractionated by electrophoresis on a 1.5% agarose gel containing 0.1 mg/ml ethidium bromide and photographed with BioRad Gel Imaging System using a GeneRuler DNA ladder mix as a size marker (Fermentas). Statistical analysis was performed by students' t-test (SPSS 13.0). The probability at p<0.05 was considered significant.
Results and Discussion
Identification of the isolated and cultured mouse embryonic stem cell
For characterization of the established mouse embryonic stem cell, alkaline phosphatase activity, immunocytochemical analysis (SSEA-1 and Oct-4 cell markers), teratoma formation using nude mouse and histochemical test were conducted.
Alkaline phosphatase activity about 100% of cell colony were positive for alkaline phosphatase. Immunocytochemical analysis demonstrated that most of colonies were positive for SSEA-1 and Oct-4 (Fig. 1) .
Established ES cells were injected to a nude mouse and teratoma formation was observed (Fig. 2) . Histological examination of teratoma demonstrated the presence of endoderm, mesoderm and ectoderm, suggesting plulipotency of this ES cell line.
Induction of differentiation into cardiomyocytes
We investigated the effect of functional natural products on the induction of ES cell differentiation into cardiomyocytes.
As shown in Fig. 3 EB, Beating was observed in EB outgrowth suggesting ES cells were induced to differentiate into cardiomyocytes.
To examine protein expression, immunohistochemical analysis was performed using ANP, GATA-4 and TnI antibodies.
Expression of these proteins were confirmed by this method (Figs. 4, 5 and 6 ). Immunocytochemical test for ANP Fig. 6 . Immunocytochemistry test of cTnI in the differentiation cell. for TnI (Fig. 9 ) demonstrated no obvious difference in all treatments.
The ratio of beating EB at day 5 after plating onto medium containing each natural products is shown in Table 2 . The ratio of beating EB ranged from 72% to 85%. The ratios of Fig. 10 . RT-PCR analysis for specific gene expressions. Literature Cited
